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(567)  Disclosed herein is a radiotherapy device com-
prising a source of kV or MV radiation; a detector config-
ured to detect the kV or MV radiation to generate a plu-
rality of images of a subject located between the source
and the detector; and a controller configured to detect an
erroneous pixel in an image of the plurality of images;
and generate an averaged image, comprising generating

each pixel of the averaged image by taking an average
of respective pixels in corresponding locations of one or
more of the plurality ofimages, wherein generating a pixel
of the averaged image which is in a corresponding loca-
tion to the erroneous pixel comprises excluding the er-
roneous pixel from the taking of the average.
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Description

[0001] This disclosure relates to artefacts in radiother-
apy imaging, and in particular to removing artefacts in
MV/kV images.

Background

[0002] Radiotherapy can be described as the use of
ionising radiation, such as X-rays, to treat a human or
animal body. Radiotherapy is commonly used to treat
tumours within the body of a patient or subject. In such
treatments, ionising radiation is used to irradiate, and
thus destroy or damage, cells which form part of the tu-
mour.

[0003] A radiotherapy device typically comprises a
gantry which supports a beam generation system, or oth-
er source of radiation, which is rotatable around a patient.
For example, for a linear accelerator (linac) device, the
beam generation system may comprise a source of radio
frequency energy, a source of electrons, an accelerating
waveguide, beam shaping apparatus, etc.

[0004] In radiotherapy treatment, it is desirable to de-
liver a prescribed dose of radiation to a target region of
a subject and to limit irradiation of other parts of the sub-
ject, i.e. of healthy tissue. In view of this, a radiotherapy
device may comprise one or more imaging devices for
capturing images of the patient before and/or during a
radiotherapy treatment, which can be used to make ad-
justments to machine parameters or patient location.
Such image-guided radiation therapy (IGRT) can im-
prove the accuracy of radiotherapy treatments through
aiding delivery of an intended dose in an intended loca-
tion.

[0005] Images captured before the radiotherapy treat-
ment begins may provide reference images for the shape
and/or location of the patient, and/or may help in posi-
tioning the patient in an intended position. Images cap-
tured during the radiotherapy treatment may be used to
verify that the patient remains in an intended position.
Discrete, gross or large-scale movements of a subject
may include shifting position, coughing or sneezing. The
subject may also undergo cyclical, physiological move-
ment. For example, the subject may undergo respiratory
motion due to their breathing cycle. The subject may also
undergo cardiac motion based on beating of their heart.
In response to determination of such movements using
the captured images, the radiotherapy treatment may be
halted or adjusted to compensate, for example through
gating or tracking of the radiotherapy beam. These tech-
niques may improve clinical outcomes through ensuring
that a prescribed dose is delivered to a tumour and that
irradiation of healthy tissue such as organs at risk is lim-
ited.

[0006] A radiotherapy device may comprise compo-
nents configured to perform MV imaging and may com-
prise components configured to perform kV imaging. A
treatment beam source of a radiotherapy device may
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emit MV radiation for treating the patient. This treatment
beam source may be used as the MV beam source for
MV imaging. An MV detector may be disposed diamet-
rically opposite the treatment beam source, with the sub-
ject therebetween. A radiotherapy device may comprise
a kV imaging source, and a kV detector arranged dia-
metrically opposite to the kV imaging source with the sub-
ject therebetween. The kV imaging source and the kV
detector may be arranged in a different plane (i.e. at a
different angle) to the treatment beam source and the
MV detector.

[0007] MV orkV image acquisition during radiotherapy
treatment (i.e. during MV radiation delivery) results in an
artefact in the obtained images. This effect is present
when images are read out while MV radiation is being
delivered. The MV radiation is delivered in a pulsed man-
ner such that pixels of a detector are affected by the ar-
tefact if the reading out of their data overlaps with the
delivery of the MV radiation. The effect is seen even when
the relevant detector is not in the radiation beam, and is
thought to be related to electromagnetic interference.
This artefact manifests in 2D captured images as bright
or dark lines (depending on inversion of the images), or
as rings in reconstructed 3D volumes. This artefact re-
duces the accuracy of captured images since, due to the
artefact, some of the pixels of the image are not accurate
or reliable representations of the regions imaged. When
decisions to halt or adjust radiotherapy are taken based
on such images, this in turn will reduce the accuracy and
reliability of the radiotherapy treatment.

[0008] One approach for addressing this issue is to
use a hardware solution to synchronise when radiation
is on and when an image line is read out such that image
lines are only read out when radiation is not being deliv-
ered. However, this restriction slows down the imaging
and requires specific hardware to put it into effect, for
example a pulse control circuit, pulse synchronisation
circuitry or a detector control board (DCB). In addition,
this hardware solution does and will not work for contin-
uous variable dose rate (CVDR) treatments, for which
the pulsing rate of the radiation delivery changes contin-
uously.

[0009] It would be advantageous to provide more ac-
curate and more reliable imaging during radiotherapy
treatments. It would also be advantageous to reduce the
need for specialised hardware to provide accurate and
reliable imaging during radiotherapy treatment and to
provide imaging during radiotherapy treatment that is
flexible and adaptable to different radiation delivery ap-
proaches. It would also be advantageous to provide more
efficient processing of captured images.

Summary

[0010] An invention is set out in the independent
claims.

[0011] According to an aspect, there is provided a ra-
diotherapy device comprising: a source of kV or MV ra-
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diation; a detector configured to detect the kV or MV ra-
diation to generate a plurality of images of a subject lo-
cated between the source and the detector; and a con-
troller configured to: detect an erroneous pixel in an im-
age of the plurality ofimages; and generate an averaged
image, comprising generating each pixel of the averaged
image by taking an average of respective pixels in cor-
responding locations of one or more of the plurality of
images, wherein generating a pixel of the averaged im-
age which is in a corresponding location to the erroneous
pixel comprises excluding the erroneous pixel from the
taking of the average.

[0012] According to a further aspect, there is provided
a computer-implemented method comprising: obtaining
a plurality of images of a subject located between a
source and a detector of a radiotherapy device, the
source being a source of kV or MV radiation and the
detector being for detecting the kV or MV radiation; de-
tecting an erroneous pixel in an image of the plurality of
images; and generating an averaged image, comprising
generating each pixel of the averaged image by taking
an average of respective pixels in corresponding loca-
tions of one or more of the plurality of images, wherein
generating a pixel of the averaged image which is in a
corresponding location to the erroneous pixel comprises
excluding the erroneous pixel from the taking of the av-
erage.

[0013] According to a further aspect, there is provided
a computer-readable medium comprising computer-ex-
ecutable instructions which, when executed by a proc-
essor, cause the processor to perform the above-de-
scribed method.

Brief Description of the Drawings

[0014] Specific embodiments are now described, by
way of example only, with reference to the drawings, in
which:

Figure 1 depicts a radiotherapy device or apparatus
according to the present disclosure;

Figure 2 depicts an artefact in images generated us-
ing kV imaging according to the present disclosure;
Figure 3 depicts a schematic view of the artefact ac-
cording to the present disclosure;

Figure 4 depicts a technique for identification of the
artefact according to the present disclosure;

Figure 5 depicts a temporal averaging process ac-
cording to the present disclosure;

Figure 6 depicts a spatial averaging process accord-
ing to the present disclosure;

Figure 7 depicts the effects of the techniques de-
scribed herein on a kV image according to the
present disclosure.

Figure 8 depicts a method according to the present
disclosure.

Figure 9 depicts an example implementation of a
computing device according to the present disclo-
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sure.

Detailed Description

[0015] MV and/or kV imaging during delivery of radio-
therapy results in an artefact in the acquired images,
which appears as a set of lines across the acquired im-
ages. The current disclosure provides techniques for re-
moving this artefact in order to improve the accuracy and
reliability of the images obtained. In particular, the current
techniques use a software solution to mask out the arte-
facts from the images by applying temporal or spatial
averaging to selected pixels of the output image data.
The lines can be detected in the acquired images, for
example by summing along the axis of the lines. When
temporally or spatially averaging the pixels of the images
in order to generate an averaged image, instead of av-
eraging all pixels, the pixels corresponding to the line
artefacts are excluded from the averaging. In other
words, each averaged pixel value in an averaged image
willbe an average over the pixels from fewer frames (tem-
poral), and/or will be an average over fewer pixels of a
single frame (spatial), due to masking out the pixels cor-
responding to the artefact. This improves the accuracy
of the averaged image in a fast, computationally efficient
manner, while also reducing the need for specialised
hardware and increasing versatility through enabling ap-
plication to additional modes of radiotherapy treatment.
[0016] Figures 1a-e depict an example of a medical
device 100 according to the presentdisclosure. The med-
ical device 100 may be a radiotherapy device or an im-
aging device. The medical device 100 may be a radio-
therapy device comprising an imaging apparatus.
[0017] The radiotherapy device 100 depicted in Figure
1a comprises a rotatable gantry 102 and a couch 104
positioned in a treatment volume of the device. The gan-
try 102 may be ring-shaped. In other words, the gantry
102 may be a ring-gantry. A patient or subject 106 is
positioned on the couch 104 during radiotherapy treat-
ment. The radiotherapy device 100 may comprise a bore
defined by the ring-shaped gantry 102, within which the
subject 106 is positioned during treatment. Alternatively,
the radiotherapy device may comprise one or more arms
connected to and projecting from the front surface of the
gantry 102, the arm(s) supporting one or more compo-
nents of the radiotherapy device 100. The couch 104 may
be moveable in one or more translational degrees of free-
dom and one or more rotational degrees of freedom. The
couch 104 may be used to move the subject 106 from a
setup position to a treatment position closer to or encir-
cled by the gantry 102, for example by translating the
subject 106 in a direction parallel to the central axis of
the gantry 102. The movement of the couch 104 may be
effected and controlled by one or more actuators and/or
motors.

[0018] The radiotherapy device 100 comprises one or
more sources of kV or MV radiation and one or more
detectors configured to detect the kV or MV radiation to
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generate a plurality of images of a subject between the
source and the detector. In particular, the radiotherapy
device 100 may comprise a treatment beam source 108
configured to emit or direct therapeutic radiation, e.g. MV
energy radiation, towards the subject 106. The treatment
beam source 108 may be described as an MV beam
source. The treatment beam source 108 may emit radi-
ation suitable for treating a subject 106 and may emit
radiation suitable for generating one or more images of
the subject 106.

[0019] The radiotherapy device 100 may comprise a
source of radiofrequency waves, an electron source, a
waveguide in which the electrons may be accelerated
towards a heavy metal, e.g. tungsten, target to produce
high energy photons, and a collimator, such as a multi-
leaf collimator, configured to collimate and shape the re-
sulting photons and thus produce a treatment beam. The
source of radiofrequency waves may be coupled to the
waveguide via a circulator, and may be configured to
pulse radiofrequency waves into the waveguide. Radiof-
requency waves may pass from the source of radiofre-
quency waves through an RF input window and into an
RF input connecting pipe or tube. The source of elec-
trons, such as an electron gun, may also be coupled to
the waveguide and may be configured to inject electrons
into the waveguide. In the electron gun, electrons may
be thermionically emitted from a cathode filament as the
filament is heated. The temperature of the filament con-
trols the number of electrons injected. The injection of
electrons into the waveguide may be synchronised with
the pumping of the radiofrequency waves into the
waveguide. The design and operation of the source of
radiofrequency waves, electron source and the
waveguide may be such that the radiofrequency waves
accelerate the electrons to very high energies as the elec-
trons propagate through the waveguide.

[0020] The design of the waveguide depends on
whetherthelinac accelerates the electrons using a stand-
ing wave or travelling wave, though the waveguide typi-
cally comprises a series of cells or cavities, each cavity
connected by a hole or ’iris’ through which the electron
beam may pass. The cavities are coupled in order that
a suitable electric field pattern is produced which accel-
erates electrons propagating through the waveguide. As
the electrons are accelerated in the waveguide, the elec-
tron beam path may be controlled by a suitable arrange-
ment of steering magnets, or steering coils, which sur-
round the waveguide. The arrangement of steering mag-
nets may comprise, for example, two sets of quadrupole
magnets.

[0021] Oncetheelectrons have beenaccelerated, they
may pass into a flight tube. The flight tube may be con-
nected to the waveguide by a connecting tube. This con-
necting tube or connecting structure may be called a drift
tube. The electrons travel toward a heavy metal target
which may comprise, for example, tungsten. Whilst the
electrons travel through the flight tube, an arrangement
of focusing magnets act to direct and focus the beam on
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the target.

[0022] To ensure that propagation of the electrons is
notimpeded as the electron beam travels toward the tar-
get, the waveguide may be evacuated using a vacuum
system comprising a vacuum pump or an arrangement
of vacuum pumps. The pump system is capable of pro-
ducing ultra-high vacuum (UHV) conditions in the
waveguide and in the flight tube. The vacuum system
also ensures UHV conditions in the electron gun. Elec-
trons can be accelerated to speeds approaching the
speed of light in the evacuated waveguide.

[0023] The treatment beam source 108 may comprise
a heavy metal target toward which the high energy elec-
trons exiting the waveguide are directed. When the elec-
trons strike the target, X-rays are produced in a variety
of directions. A primary collimator may block X-rays trav-
elling in certain directions and pass only forward travel-
ling X-rays to produce a treatment beam. The X-rays may
be filtered and may pass through one or more ion cham-
bers for dose measuring. The beam can be shaped in
various ways by beam-shaping apparatus, for example
by using a multi-leaf collimator, before it passes into the
patient as part of radiotherapy treatment.

[0024] In some implementations, the treatment beam
source 108 is configured to emit either an X-ray beam or
an electron particle beam. Such implementations allow
the device to provide electron beam therapy, i.e. a type
of external beam therapy where electrons, rather than X-
rays, are directed toward the target region. It is possible
to’swap’ between afirstmode in which X-rays are emitted
and a second mode in which electrons are emitted by
adjusting the components of the linac. In essence, it is
possible to swap between the first and second mode by
moving the heavy metal target in or out of the electron
beam path and replacing it with a so-called 'electron win-
dow’. The electron window is substantially transparent
to electrons and allows electrons to exit the flight tube.
[0025] The radiotherapy device 100 may comprise a
treatment beam detector or target 110. The treatment
beam detector 110 may be described as an MV detector.
Once the radiation emitted from the treatment beam
source 108 has passed through the patient 106, the ra-
diation continues towards treatment beam detector 110,
where it is blocked/absorbed. The treatment beam de-
tector 110 may comprise or include an imaging panel.
The treatment beam detector 110 may be configured to
produce signals indicative of the intensity of radiation in-
cident on the treatment beam detector 110. In use, these
signals are indicative of the intensity of radiation which
has passed through the subject 106. These signals may
be processed to form an image of the subject 106. This
process may be described as the imaging apparatus
and/or the treatment beam detector 110 capturing an im-
age. The treatment beam detector 110 may form part of
an electronic portal imaging device (EPID). EPIDs are
generally known to the skilled person and will not be dis-
cussed in detail herein. The treatment beam source 108
and the treatment beam detector 110 may be fixed or
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attached to the gantry so that they are rotatable with the
gantry, i.e. so that they rotate as the gantry rotates.
[0026] The radiotherapy device 100 may comprise a
kV beam source 112 and a kV detector or target 114.
The kV beam source 112 is configured to emit or direct
imaging radiation, for example X-rays, towards the sub-
ject 106. As the skilled person will appreciate, the kV
beam source 112 may be an X-ray tube or other suitable
source of X-rays. The kV beam source 112 is configured
to produce kV energy radiation. Once the kV radiation
has passed from the kV beam source 112 and through
the subject 106, the radiation continues towards kV de-
tector 114. The kV detector 114 may comprise or include
animaging panel. The kV detector 114 may be configured
to produce signals indicative of the intensity of radiation
incident on the kV detector 114. In use, these signals are
indicative of the intensity of radiation which has passed
through the subject 106. These signals may be proc-
essed to form an image of the subject 106. This process
may be described as the imaging apparatus and/or the
kV detector 114 capturingan image. The kV beam source
112 and the kV detector 114 may be fixed or attached to
the gantry so that they are rotatable with the gantry, i.e.
so thatthey rotate as the gantry rotates. By taking images
at multiple angles around the subject 106 it is possible
to produce a 3D image of the patient, for example using
tomographic reconstruction techniques.

[0027] In the illustrated example, the treatment beam
source 108 and the kV beam source 112 are mounted
on the gantry such that a treatment beam emitted from
the treatment beam source 108 travels in a direction that
is generally perpendicular to that of the imaging beam
emitted from the kV beam source 112. Pulsing of radia-
tion from the treatment beam source 108 may be syn-
chronised with reading out of data at the treatment beam
detector 110. Pulsing of radiation from the kV beam
source 112 may be synchronised with reading out of data
at the kV detector 114. Timing signals may be commu-
nicated from a controller of the radiotherapy device to
one or more of these components in order to provide this
synchronisation.

[0028] Thetreatmentbeam detector 110 and/or the kV
detector 114 may comprise a flat panel imager. The flat
panel imager of the kV detector 114 may be different to
the flat panel imager of the treatment beam detector 110
since it is attuned to the different (i.e. lower) energies of
the kV radiation. At kV energies, the attenuation coeffi-
cients of different tissue types are distinctly different such
that a good image with adequate contrast can be ob-
tained. At MV energies, the attenuation coefficients are
more similar such that the contrast of the generated im-
ages is typically lower. Thus, it may be particularly im-
portant to maximise the quality of generated MV images
and to avoid the presence of artefacts in these images
which could obscure the anatomy of the subject 106.
[0029] The flat panel imager may comprise a scintilla-
tor. Radiation incident on the scintillator will produce light.
The flat panel imager may comprise an array of photo-
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diodes and transistors, each corresponding to a particu-
lar pixel of the detector/flat panel imager. The light from
the scintillator impinging on the photodiodes creates re-
spective electronic signals which are gated by the re-
spective transistors. These electronic signals are extract-
ed from the flat panel array via read-out electronics to
form a digital data stream that is used to construct an
image. Generally, the pixel elements of such detectors
work by outputting a respective signal in which the total
charge passed reflects the total incident radiation since
the last time the pixel was read. As radiation is incident
on the pixel, it causes ionisation and the resulting charge
is retained. When the pixel is enabled, i.e. when it is trig-
gered to release its signal, that charge is output to be
counted. The flat panel imager may comprise an inter-
preter configured to receive the signal outputs. The in-
terpreter may comprise an integrator configured to inte-
grate the signal outputs to measure the charges collected
at the respective pixels and thus provide an indication of
the radiation received by the pixels of the flat panel im-
ager. This can be used to identify the shape and location
of objects (e.g. the subject) between the source and de-
tector through the relative lack of radiation received at
the pixels for which the radiation from the source was
blocked by the object.

[0030] The pixels of the detector may be arranged in
a rectilinear manner with the pixels in straight rows and
columns. The intersection of a particular row with a par-
ticular column therefore defines a specific pixel. Each
column may have a common output line which allows the
charge that has accumulated on each pixel to escape to
the integrator where it is multiplexed with the outputs of
other columns. This may enable the entire line of pixels
to be read out at the same time. The detector may com-
prise scanning control electronics which enable each row
to be read sequentially, with the whole row read at sub-
stantially the same time. The integrator is then reset, and
the nextrow is enabled. Thus, data from the rows of pixels
may be read out sequentially until a complete image or
frame is obtained, following which the reading out may
begin again at the first row.

[0031] Figures 1b-1e depict the gantry 102 of Fig. 1a
at different rotation angles. Because the gantry 102 is
rotatable, the treatment beam can be delivered to a pa-
tient from a range of angles. Similarly, the patient can be
imaged from a range of angles. In Fig. 1b, the gantry is
positioned at a ‘first’ gantry rotation angle, in which the
treatment beam source 108 directs the treatment beam
towards the subject 106 in a vertical/downwards direction
and in which the kV beam source 112 directs the imaging
beam towards the patient in a horizontal/right-to-left di-
rection. In Fig. 1c, the gantry 102 has been rotated 45-
degrees clockwise, into a 'second’ rotation angle. In Fig.
1d, the gantry has been rotated a further 45-degrees
clockwise (i.e. 90-degrees clockwise relative to Fig. 1b)
into a 'third’ rotation angle, so that the treatment beam
source 108 directs the treatment beam towards the sub-
ject 106 in a horizontal/right-to-left direction and in which
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the kV beam source 112 directs the imaging beam to-
wards the subject 106 in a vertical/upwards direction. Fi-
nally, in Fig. 1e, the gantry has been rotated a further 45-
degrees clockwise (i.e. 135-degrees clockwise relative
to Fig. 1b) into a fourth’ rotation angle.

[0032] As the skilled person will appreciate, the gantry
102 can be rotated to any of anumber of angular positions
relative to a patient. The treatment beam source 108 may
direct radiation toward the patient at each or a number
of these angular positions, according to a treatment plan.
The gantry 102 may be configured to rotate to a number
of discrete locations and/or to rotate continuously for a
given time period. In other words, the gantry 102 can be
rotated by 360 degrees around the subject 106, and in
fact can continue to be rotated past 360 degrees. The
treatment beam source 108 may be configured to irradi-
ate the subject 106 at the one or more of the discrete
locations and/or to continuously irradiate the subject 106
as it is rotated by the gantry 102. The angles from which
radiation is applied, and the intensity and shape of the
therapeutic beam, may depend on a specific treatment
plan pertaining to a given subject 106.

[0033] The radiotherapy device 100 additionally com-
prises a controller (not shown). The controller is a com-
puter, processor, or other processing apparatus. The
controller may be formed by several discrete processors;
for example, the controller may comprise a processor for
each of the various individual components of the radio-
therapy device as described herein. The controller is
communicatively coupled to a memory, e.g. a computer
readable medium. The controller may be communica-
tively coupled to one, multiple or all of the various indi-
vidual components of the radiotherapy device as de-
scribed herein. As used herein, the controller may also
be referred to as a control device.

[0034] The radiotherapy device and/or the controller
may be configured to perform any of the method steps
presently disclosed and may comprise computer execut-
able instructions which, when executed by a processor
cause the processor to perform any of the method steps
presently disclosed, or when executed by the controller
cause the controller to perform any of the method steps
presently disclosed, or when executed by the radiother-
apy device cause the radiotherapy device to perform any
of the method steps presently disclosed. Any of the steps
that the radiotherapy device and/or the controller is con-
figured to perform may be considered as method steps
of the present disclosure and may be embodied in com-
puter executable instructions for execution by a proces-
sor. A computer-readable medium may comprise the
above-described computer executable instructions.
[0035] The controllermay be communicatively coupled
to and may be configured to send control signals to mul-
tiple different components of the radiotherapy device
100, for example those described above and elsewhere
herein. The controller may be configured to send control
signals to one or more components of the radiotherapy
device 100 in order to effect changes in radiotherapy
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treatment and/or imaging of the subject 106. The con-
troller may also collect data indicative of the performance
and actions of various components of the device 100.
[0036] The radiotherapy device 100 may be described
as or comprise a linac. In some examples, the radiother-
apy device 100 may be an MR-linac comprising an MR
imaging apparatus configured to generate MR images of
the subject 106. The MR imaging apparatus may be con-
figured to obtain images of the subject 106 positioned,
i.e.located, onthe couch 104. The MRimaging apparatus
may also be referred to as an MR imager. The MR im-
aging apparatus may be a conventional MR imaging ap-
paratus operating in a known manner to obtain MR data,
for example MR images. The skilled person will appreci-
ate that such a MR imaging apparatus may comprise a
primary magnet, one or more gradient coils, one or more
receive coils, and an RF pulse applicator. The operation
of the MR imaging apparatus is controlled by the control-
ler. Alternatively or in addition to MR imaging, one or
more other imaging techniques, modalities, sensors or
detectors may be used, such as CT/X-ray, PET, optical
imaging/cameras, infra-red imaging, ultra-sound imag-
ing or time-of-flight techniques. Any one or more of these
may be used before or during treatment of a subject 106.
[0037] The radiotherapy device 100 also comprises
several other components and systems as will be under-
stood by the skilled person. For example, in order to en-
sure the linac does not leak radiation, appropriate shield-
ing may also be provided.

[0038] The present disclosure describes techniques
for increasing the accuracy of imaging by removing an
artefactfromgeneratedimages. The images may be gen-
erated using MV imaging, i.e. using the treatment beam
source 108 and the treatment beam detector 110, and/or
may be generated using kV imaging, i.e. using the kV
beam source 112 and the kV detector 114.

[0039] Figure 2 depicts an artefact in images generat-
ed using kV imaging. The artefact manifests in a similar
manner in images generated using MV imaging. The left
side of Figure 2 depicts a kV image generated with noth-
ing in the field of view, i.e. with no subject 106 between
the kV beam source 112 and the kV detector 114. If a kV
image is generated while radiation is being applied, i.e.
while treatment beam source 108 is emitting radiation
suitable for treating the subject 106, the artefact is in-
duced on the line of the kV image which is being read
out at the time. This is visible on the left side of Figure 2
as a series of horizontal lines which are lighter in colour
than the rest of the kV image. These lines are described
as artefacts because they are not representative of any
object between the kV beam source 112 and the kV de-
tector 114, i.e. they correspond to erroneous or invalid
or inaccurate data points or pixels. On the right side of
Figure 2, there is depicted a profile taken along a portion
of the vertical axis of the kV image shown on the left of
Figure 2. The dashed lines indicate the subset of the kV
image based on which the profile has been generated.
The series of spikes correspond to the artefacts, i.e. to
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the lighter horizontal lines shown on the left side of Figure
2.

[0040] Figure 3 depicts a schematic view of the arte-
fact. While the kV image and profile shown in Figure 2
may correspond to actual measured data, Figure 3 de-
picts an idealised view for each of explanation. Again,
for this idealised view, no subject 106 is present between
the kV beam source 112 and the kV detector 114. On
the left side of Figure 3, a kV image is depicted, with the
artefact visible as white horizontal lines. These may be
referred to as pulse lines. The kV image may be referred
to as a projection image. On the right side of Figure 3, a
reconstructed volume is shown, i.e. a volume generated
using kV imaging. Once reconstruction is applied, the
artefact manifests as a series of concentric rings (shown
in black on the right side of Figure 3). In this form, the
artefact may further exacerbate degradation of image
quality as the concentric rings may be more difficult to
exclude or work around.

[0041] The techniques described herein provide im-
proved means for increasing image quality through im-
proved negation of the effects of imaging artefacts. This
can improve the accuracy of the generated images and
therefore can improve the accuracy and clinical out-
comes of a radiotherapy treatment.

[0042] Figure 4 depicts a technique for identification of
the artefact, i.e. of the pulse lines. The image on the left
side of Figure 4 corresponds to the image on left side of
Figure 3, with the artefact shown as a series of white
horizontal lines. This image may be summed along the
horizontal axis, i.e. along the axis of the artefact. This is
depicted diagrammatically in the centre right Figure 4 as
the shortening of the image in a horizontal direction. The
profile shown in black on the right of Figure 4 depicts the
pixel values of the image summed along the horizontal
axis. In other words, each point of the profile may have
a value that corresponds to the sum of the pixel values
along the row corresponding to that point. The profile is
shown in black for visibility/ease of understanding (while
the artefact is shown in white) and it will be understood
by the skilled person that the profile may therefore cor-
respond to a negative (i.e. multiplication by -1) of the
summed pixel values.

[0043] The artefact may be said to be detected by de-
tecting the lines in the image, or to be detected based on
the summed image, or to be detected based on the pro-
file. In other words, the pixels affected by the artefact
may be identified by their vertical coordinates, i.e. by their
coordinates along an axis perpendicular to the axis of
the artefact. Since the artefacts correspond to horizontal
lines, it may be determined that all of the pixels in the
horizontal lines corresponding to the identified vertical
coordinates may be affected by the artefact. The artefact
may be detected as corresponding to the peaks in the
profile. For example, the artefact may be determined to
be present in the pixels for which the profile exceeds a
threshold. The threshold may be setbased onan average
of all pixel values of the image as a whole or based on a
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predetermined value. The artefact may be determined to
be present in the pixels corresponding to points of the
profile that exceed an average of the profile by a prede-
termined absolute value or that exceed an average of
the profile multiplied by a predetermined multiplying fac-
tor. In examples in which individual erroneous pixels,
rather than rows of erroneous pixels, are detected, the
individual erroneous pixels may be identified as those
that exceed a threshold or that exceed an average of the
pixel values of the relevant image by a predetermined
absolute value or that exceed an average of the profile
multiplied by a predetermined multiplying factor.

[0044] One or more additional or alternative tech-
niques may be used to detect the artefact. For example,
a more complex line detection algorithm such as Hough
transforms may be used, or artificial intelligence/machine
learning techniques/computer vision may be used. How-
ever, the technique described above using summing of
the image is advantageous in that the algorithm may be
executed in a particularly fast and computationally effi-
cient manner and may be implemented very close to the
device layer. It may therefore reduce the need for exten-
sive processing power or other additional hardware and
improve the speed of the imaging.

[0045] A kV or MV imaging apparatus as described
herein may generate images with a certain temporal
frame rate and with a certain spatial resolution. This
frame rate and resolution may be higher than is neces-
sary for monitoring a subject 106. For example, the finite
MV spot size of the treatment beam source 108 may be
such that the nominal spatial resolution exceeds the im-
age quality that is actually deliverable. Therefore, known
techniques comprise temporally averaging a plurality of
frames and/or spatially averaging a plurality of pixels of
one frame (i.e. a spatial grouping of pixels). Processing
images by temporally averaging a plurality of frames will
reduce the frame rate of the processed images. Process-
ing images by spatially averaging pixels of respective
frames will reduce the spatial resolution of the processed
images. However, the processed images may be more
accurate and/or less noisy than the raw, unprocessed
images. Either or both of temporal averaging and spatial
averaging may be applied, depending on the frame rate
and spatial resolution of the raw images and the desired
frame rate and spatial resolution of the processed imag-
es. In some examples, temporal averaging may be ap-
plied first, following which spatial averaging may be ap-
plied to the temporally averaged images. In some exam-
ples, spatial averaging may be applied first, following
which temporal averaging may be applied to the spatially
averaged images.

[0046] Due to the temporal and/or spatial averaging
described above, the effect of the artefact described
herein will be diluted, i.e. the erroneous pixels (also de-
scribed as invalid pixels or inaccurate pixels) will be av-
eraged with other, non-erroneous pixels such thata value
associated with an averaged pixel is’less erroneous’ than
the erroneous pixel itself. However, it will still not be an
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accurate representation of what lies between the radia-
tion source and the detector. The artefact will manifest
as a systematic error in the captured image. Techniques
of the present disclosure enable a further increase in the
accuracy of kV and/or MV images.

[0047] Figure 5 depicts a temporal averaging process
according to the present disclosure. In Figure 5, two im-
ages or frames ('Frame 1’ and 'Frame 2’) are shown as
being averaged for ease of explanation. However, it will
be appreciated that the temporal averaging process de-
scribed herein is applicable to three, four, five, six, seven,
eight, nine, ten, or any number of frames, dependent on
the frame rate of the raw data and the frame rate of the
processed images that is desired. In an example, the
frame rate of the imaging may be fifteen frames per sec-
ond, and five successive images may be averaged to
provide images at three frames per second. The second
image ('Frame 2’) may be captured at a later time to the
first image (‘Frame 1’). The second image may be the
next captured image following the capturing of the first
image.

[0048] Each of the first and second images are depict-
ed as comprising a ten by ten spatial grid of pixels for
ease of explanation. As will be appreciated, the described
techniques are applicable to images comprising any
number of pixels, including to non-square grids of pixels.
The pixels affected by the artefact are shown as shaded
in Figure 5. These pixels comprise or are associated with
erroneous data. These pixels may correspond to the lines
identified in the process described in relation to Figure
4. The pulse lines may be in different spatial locations in
the second image to the spatial locations of the pulse
lines in the firstimage. This may be due to the pulsing of
the treatment beam occurring at different times in the
reading out of the rows of the second image relative to
the reading out of the rows of the first image. As such,
different rows may be affected by the artefact in different
images such that non-erroneous data for a particular pix-
el may typically be obtained from at least some of the
captured images which are temporally averaged togeth-
er.

[0049] An averaged image may be generated based
on the plurality of images, i.e. based on the first image
and the second image in this example. As used herein,
references to taking an average may be used to refer to
taking of amean. As used herein, references to averaging
pixels may be used to refer to taking an average of the
values associated with each of the pixels. The averaged
image may have the same dimensions as the firstimage
and the second image (as shown in Figure 5). In other
examples, the averaged image may have different di-
mensions to the first image and the second image, for
example if the first and second images are also spatially
averaged and/or if the first and second images are
cropped. A pixel location in the averaged image may cor-
respond to a pixel location in the firstimage and to a pixel
location in the second image. In other words, the pixel
value at a particular (x, y) coordinate in the averaged
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image may be determined by taking the average of pixel
values atthe same, i.e. corresponding, (X, y) coordinates
in one or more of the plurality of images.

[0050] The controller may determine, pixel-by-pixel,
the value of each pixel of the averaged image. For each
pixel of the averaged image, it may be determined wheth-
er the pixels in corresponding locations (i.e. at corre-
sponding coordinates) of each of the plurality of images
correspond to erroneous data, i.e. whether they have
been identified as corresponding to erroneous data ac-
cording to the techniques described in relation to Figure
4. For each pixel of the averaged image, an average is
taken over each of the pixels in the corresponding loca-
tions of the plurality of images which do not correspond
to erroneous data. In other words, the mean is taken of
all pixels in corresponding locations in the plurality of im-
ages which do not correspond to erroneous data. Any
pixel in a corresponding location which is associated with
erroneous data, i.e. with the artefact, may be masked out
of the taking of the average, i.e. its data may not be in-
cluded in the taking of the average.

[0051] For example, starting at the top left corner of
Figure 5, the pixel in the top left corner of the averaged
image may be determined to have a value corresponding
to the average of the values associated with each of the
pixels in the respective top left corners of the first image
and the second image. Neither the pixel in the top left
corner of the firstimage nor the pixel in the top left corner
of the second image comprises erroneous data. There-
fore, the value associated with the top left pixel of the
averaged image is the average of the value of the pixel
in the top left corner of the first image and the value of
the pixel in the top left corner of the second image. No
erroneous data associated with the artefact is presentin
relation to this pixel and therefore no masking of values
is performed.

[0052] The averaging may proceed pixel-by-pixel, for
example along each row in turn or down each column in
turn. In some examples, the averaging of the different
pixels may be performed in parallel by different proces-
sors in order to speed up the processing. The described
techniques may be particularly suited to such parallel
processing due to the ability to consider each pixel of an
image in isolation relative to those surrounding it. There
is no decay constant between the lines of the artefact
such that only particular lines of a captured image are
affected, without the effects spreading into neighbouring
lines. Evenif such spreading were to occur, the described
techniques would continue to work by detecting all af-
fected lines, i.e. all lines affected above a threshold.
[0053] An example of the taking of an average which
does require masking is also depicted in Figure 5, namely
for the pixel in the fourth row and the third column of each
of the first image, the second image and the averaged
image. For this pixel, the value for the first image has
been identified as being erroneous due to the artefact.
Therefore, the controller masks this value from the taking
of the average. In this example, the average is therefore
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the average of the pixel of the second image alone, i.e.
the average’ value corresponds to the value of the sec-
ond image.

[0054] As will be appreciated, for averages over a
greater number of images, the value of a given pixel in
the averaged image may be an average over the corre-
sponding pixels of a greater number of images. For ex-
ample, the temporal average may be over five frames. It
may be determined by the controller that the correspond-
ing pixels in four of the five frames are non-erroneous
and therefore the value of the pixel in the averaged image
may be calculated by taking the average of the four non-
erroneous values. Alternatively, it may be determined by
the controller that the corresponding pixels in one, two
or three of the five frames are non-erroneous and there-
fore the value of the pixel in the averaged image may be
calculated by taking the average of the one, two or three
non-erroneous values respectively.

[0055] Figure 6 depicts a spatial averaging process ac-
cording to the present disclosure. In Figure 6, a single
frame or image is depicted on the left of the figure as
comprising a ten by ten spatial grid of pixels. As will be
appreciated, the described techniques are applicable to
images comprising any number of pixels, including to
non-square grids of pixels. The pixels affected by the
artefact are shown as shaded in Figure 6. These pixels
comprise or are associated with erroneous data. These
pixels may correspond to the lines identified in the proc-
ess described in relation to Figure 4.

[0056] An averaged image, i.e. a spatially averaged
image, may be generated based on the image. In other
words, the averaged image may comprise a smaller
number of pixels than the image, with each pixel of the
averaged image being generated based on multiple pix-
els of the image. In Figure 5, for ease of explanation, the
averaged image is depicted as comprising a 5 by 5 grid
of pixels and the spatial average is such that each pixel
in the averaged image is generated based on taking the
average of a two by two sub-grid of pixels of the image
in a corresponding location. In other words, each pixel in
the averaged image may be generated by taking the av-
erage of four pixels of the image. The sub-grid of pixels
in the image and the pixel of the averaged image gener-
ated from this sub-grid of pixels may be described as
being in corresponding locations. Each of the pixels in
the sub-grid in the image and the pixel of the averaged
image generated from this sub-grid may be described as
being in corresponding locations. In the context of the
field of view imaged, these pixels capture corresponding
spatial information.

[0057] In other examples, the sub-grid may be a three
by three, four by four, five by five sub-grid, or any other
suitable sub-grid dependent on the resolution of the gen-
erated image and the desired resolution of the averaged
image. For example, the raw images may be captured
with a resolution of 1024x1024 or 2048x2048 pixels, and
may be downsized to a resolution of 512x512 pixels (i.e.
with each pixel of the averaged image being determined
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by averaging 4 pixels or 16 pixels of the captured image
respectively). In some examples, the sub-grid may be
non-square, e.g. may be rectangular (for example a two
by one sub-grid, a two by three sub-grid, etc.).

[0058] The controller may determine, pixel-by-pixel,
the value of each pixel of the averaged image. For each
pixel of the averaged image, it may be determined wheth-
er the value associated with one or more of the pixels of
the relevant sub-grid of the image corresponds to erro-
neous data, i.e. whether it has been identified as corre-
sponding to erroneous data according to the techniques
described in relation to Figure 4. For each pixel of the
averaged image, an average is taken over all pixels in
the corresponding sub-grid of the image which do not
correspond to erroneous data. Any pixel of the sub-grid
which is associated with erroneous data, i.e. with the ar-
tefact, may be masked out of the taking of the average,
i.e. its data may not be included in the taking of the av-
erage.

[0059] For example, starting at the top left corner of
Figure 6, the pixel in the top left corner of the averaged
image may be determined to have a value corresponding
to the average of the values associated with each of the
four pixels of the sub-grid in the top left corner of the
image. The pixel in the top left corner of the averaged
image and the four pixels of the sub-grid in the top left
corner of the image have corresponding locations. None
of the pixels in the sub-grid in the top left corner of the
image comprises erroneous data. Therefore, the value
associated with the top left pixel of the averaged image
is the average of the values of the four pixels of the sub-
grid in the top left corner of the image. No erroneous data
associated with the artefact is present in relation to this
pixel and therefore no masking of values is required.
[0060] The averaging may proceed pixel-by-pixel, for
example along each row in turn or down each column in
turn. In some examples, the averaging of the different
pixels may be performed in parallel by different proces-
sors in order to speed up the processing (as referred to
above). The relative locations of the different pixels are
preserved in the averaging. For example, the second pix-
elin the top row of the averaged image may be generated
by taking an average of the third and fourth pixels in the
top row of the averaged image and the third and fourth
pixels in the second row of the averaged image. In other
words, the locations of respective pixels in the image and
the averaged image may be said to correspond.

[0061] An example of the taking of an average which
does require masking is also depicted in Figure 6, namely
for the pixel in the second row and the second column
of the averaged image. For this pixel, the corresponding
sub-grid of the image is made up of the four pixels in the
third and fourth rows and the third and fourth columns of
the image (since the downsizing/spatial averaging is by
a factor of two in each of the x and y dimensions). The
values of the pixels in the third and fourth columns of the
fourth row of the image are erroneous due to the artefact.
Therefore, the controller masks these two values from
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the taking of the average. In this example, the average
is therefore the average of the pixels in the third and
fourth columns of the third row of the image.

[0062] As will be appreciated, for other examples with
different degrees of spatial averaging, i.e. with different
sizes of sub-grids over which averages are taken, differ-
ent numbers of pixels of sub-grids may be excluded from
the taking of averages and different numbers of remain-
ing pixels may remain for generating each pixel of the
averaged image. In some examples, a sub-grid may com-
prise multiple rows of pixels comprising erroneous data
due to the artefact, the pixels of which may all be excluded
from the taking of the average.

[0063] In some examples, for a particular pixel of an
averaged image, if all pixels in corresponding locations
are erroneous, the pixel of the averaged image may re-
turn null data. An alert or notification may be provided. A
prompt may be provided that the averaging should be
performed over a greater number of images and/or over
a larger sub-grid of an image. Alternatively or in addition,
the particular pixel of the averaged image may in re-
sponse be generated based on one or more neighbouring
pixels of the images or may be generated based on pixels
in corresponding locations of more temporally distant
frames.

[0064] In some examples, one or more of the steps
described herein may be performed in real-time during
imaging of a subject, for example during a radiotherapy
treatment. For example, the detection of the erroneous
pixel and the generating of the averaged image may be
performed in real-time during a radiotherapy treatment.
The speed and the efficiency of the described techniques
may enable use of the described techniques in real-time
during a radiotherapy treatment. As used herein, refer-
ences to real-time use during a radiotherapy treatment
may be used to refer to processing that occurs while ra-
diotherapy treatment is ongoing, to processing that can
be used to make adjustments to one or more parame-
ters/components of the radiotherapy device or to the sub-
ject position, or to refer to processing performed substan-
tially immediately or directly after the relevantimages are
captured (e.g. in a fraction of a second).

[0065] Insomeexamples, generating the averagedim-
age as described herein may comprise generating a pixel
(or each pixel) of the averaged image which is not in a
corresponding location to the erroneous pixel by taking
an average of n pixels, wherein n is an integer. Gener-
ating the pixel in the averaged image which is in the cor-
responding location to the erroneous pixel may comprise
taking an average of fewer than n pixels, e.g. n-1 pixels
or n-2 pixels.

[0066] Insome examples, the averaged image may be
generated by taking a temporal average of a plurality of
images excluding erroneous pixels as described above,
following which a spatial average may be taken of the
averaged image. In some examples, the averaged image
may be generated by taking a spatial average ofanimage
excluding erroneous pixels as described above. One or
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more further averaged images may be generated by tak-
ing respective spatial averages of each of one or more
further images. The erroneous pixels may be excluded
in the taking of these spatial averages as described
above. Following this, a temporal average may be taken
of the averaged image and the one or more further av-
eraged images.

[0067] Therefore, masked temporal averaging may be
followed by (unmasked) spatial averaging, or masked
spatial averaging may be followed by (unmasked) tem-
poral averaging. In either case, the identification of the
erroneous pixels and the masked averaging may be per-
formed before the optional unmasked averaging. This
advantageously enables more accurate identification of
the erroneous pixels in the raw data. While identifying
the erroneous pixels would still be possible after they
were averaged in an unmasked manner, the averaging
would in general blend erroneous pixels with non-erro-
neous pixels such that the spike in the profile caused by
the averaged erroneous pixel would be less prominent
and may be less readily identifiable.

[0068] Moreover, the above-described order in which
the processing is performed enables more optimal use
of the available data points. This may be seen by con-
sidering an example involving temporally averaging raw
images by a factor of four, and spatially averaging the
raw images by a factor of four, such that a pixel of an
averaged image is in general generated based on sixteen
pixels of the original raw images. Taking an example in
which one of these pixels is erroneous, the other fifteen
pixels are non-erroneous. An initial unmasked averaging
would yield four pixels, one of which is erroneous (albeit
in a diluted manner). This erroneous pixel may be iden-
tified and excluded in the second (masked) averaging
which is performed to generate a single pixel of the av-
eraged image. Because the erroneous pixel included da-
ta from four pixels of the original masked image, the sin-
gle pixel of the averaged image is only based on twelve
pixels of the raw image. Conversely, initial identification
of the erroneous pixel in the raw image, followed by initial
masked averaging of the raw data, would yield four pixels,
none of which are erroneous. The second (unmasked)
averaging would generate a single pixel of the averaged
image based on these four pixels. This single pixel would
be based on fifteen pixels of the raw image. Relative to
the alternative described above, three further non-erro-
neous pixels have been included, which improves the
accuracy and the signal to noise ratio of the averaged
image. Therefore, the described techniques enable more
optimised use of raw images through selectively exclud-
ing erroneous pixels and maximising use of non-errone-
ous pixels.

[0069] In the field of imaging it is generally desirable
to make use of as many data points as possible in order
to increase the signal to noise ratio. Therefore, attempts
atincreasing accuracy have typically focused onincreas-
ing the number of data points through increasing the tem-
poral and/or spatial resolution of an imaging apparatus
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in order to increase the number of pixels from which a
processed image is derived. In general, scientists and
engineers prefer to incorporate all available data in order
to reduce the effects of noise and random error. However,
the inventor of the current application has determined
that reducing the number data points used can actually
improve the accuracy of generated images. In particular,
the described techniques involve excluding particular da-
ta points and averaging over a smaller number of data
points in order to increase the accuracy of a generated
image. Moreover, the described techniques do not in-
volve excluding whole images or cropping whole regions
out of images, but instead involve excluding particular
erroneous pixels or rows thereof. As such, the described
techniques make optimised use of the maximum number
of pixels from the captured images (i.e. of all the pixels
which are not erroneous).

[0070] Takinganaverage over all pixels in correspond-
ing locations of one or more images is less advantageous
since it leads to a systematic error in the averaged pixel
value when there is an erroneous pixel present. Increas-
ing the number of pixels averaged (by increasing the
number of frames averaged or downsizing spatially by a
greater factor) dilutes the effect of the erroneous pixel,
but its effect remains present and leads to inaccurate
data. Averaging to such a degree that the effect of the
erroneous pixel becomes insignificant may require aver-
aging over 30 second of data or more. This is unsuitable
for situations in which the imaged subject or object is
moving, which is of increasing importance in radiothera-
py. If, instead, a correction factor was applied to the af-
fected pixels, this would require additional processing to
execute a calibration method to determine the correction
factor. Thus, error in the correction factor would propa-
gate. Moreover, such a correction factor would not be
stable and would not work when using continuously var-
iable dose rate (CVDR) treatment modes. The tech-
niques described herein have the combined benefits of
being faster to execute/requiring less processing power
and providing more accurate images.

[0071] As described herein, an artefact may appear in
images when image lines are read out during pulsing of
a radiotherapy treatment beam. Therefore, this is a par-
ticular challenge within the field of radiotherapy treatment
since a corresponding artefact would not appear on other
images, for example other kV/MV images. The described
techniques provide a solution to this particular challenge
in this radiotherapy context. Moreover, the apparatus and
the resolution requirements associated with radiotherapy
may be such as to enable exclusion of particular data
points while achieving an adequate resolution and signal
to noise ratio. While previous techniques have for many
years focused on hardware solutions, these are less flex-
ible, require specific hardware, and are not viable for new
modes of treatment such as those using continuous var-
iable dose rates.

[0072] While not limited thereto, the techniques de-
scribed herein may be particularly adapted to the mani-
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festation of the described artefact as a series of lines
across a captured image, i.e. to a linear artefact. This
enables summation of the pixel values along the axis of
the artefact to identify all pixels in a given row as being
erroneous pixels simultaneously. This may provide par-
ticularly computationally efficient processing relative to
examples where erroneous pixels are scatteredinamore
random manner across a captured image since the de-
tection of the artefact only need be performed along one
dimension. The knowledge that a whole row of pixels are
erroneous pixels may enable further increases in the
speed of the techniques described herein, through faster
exclusion of each of the pixels in that row from the gen-
eration of multiple respective pixels of the averaged im-
age.

[0073] Figure 7 depicts the effects of the techniques
described herein on a kV image. Corresponding effects
apply to MV images. The left side of Figure 7 depicts a
kV image generated with nothing in the field of view, i.e.
with no subject 106 between the kV beam source 112
and the kV detector 114. This corresponds to the left side
of Figure 2, with the artefact visible as a series of hori-
zontal lines which are lighter in colour than the rest of the
kV image. On the right side of Figure 7, an image is de-
picted which has been generated based on the tech-
niques described herein. In particular, the image on the
right side of Figure 7 may be described as an averaged
image as referred to herein. The pixel values affected by
the artefact have been identified as described in Figure
4. Spatial averaging, or temporal averaging in combina-
tion with one or more additionalimages, has been applied
in which the erroneous pixels due to the artefact have
been excluded. In the resulting image on the right side
of Figure 7, the artefact has been successfully removed.
While Figure 7 corresponds to an example with nothing
in the field of view of the beam and the detector, it will be
understood that, with a subject between these compo-
nents, the resulting image on the right of Figure 7 would
be an image of the subject without the artefact being
present.

[0074] Figure 8 depicts a method 300 according to the
present disclosure. The method 300 may be performed
by the radiotherapy device 100 or the imaging apparatus
or the controller described herein.

[0075] In a step 302, a plurality of images of a subject
may be obtained. The plurality of images may be gener-
ated using akV imaging device or an MV imaging device.
The plurality of images may be referred to as kV images
or MV images. The plurality of images may be retrieved
from a memory of the controller or from a device com-
municatively coupled to the controller.

[0076] In a step 304, an erroneous pixel may be de-
tected in a pixel of an image of the plurality of images.
The erroneous pixel may correspond to an artefact as
described herein. Multiple pixels of one image may be
detected as being erroneous and/or pixels in each of mul-
tiple (up to and including all) of the plurality of images
may be detected as being erroneous. The erroneous pix-
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el(s) may be detected by summing along the axis of the
artefact, e.g. along a horizontal axis of the image(s). The
artefact may be detected by identifying rows of the image
for which the summed value of the pixels in that row ex-
ceed a threshold.

[0077] In a step 306, an averaged image may be gen-
erated. The step 306 may comprise a step 308 in which
each pixel in the averaged image is generated by taking
an average of respective pixels in corresponding loca-
tions of one or more of the plurality of images. The step
308 may comprise a step 310 of generating at least one
of the pixels in the averaged image by excluding the er-
roneous pixel from the taking of the average. The taking
of the average may comprise taking a temporal average
with each pixel value of the averaged image based on
the average value of respective pixels in corresponding
locations of each of a plurality of images. The taking of
the average may comprise taking a spatial average with
each pixel value of the averaged image based on the
average value of a sub-grid of pixels in a corresponding
location of an image of the plurality of images.

[0078] While the methods disclosed herein are pre-
sented in a certain sequential order, this should not be
taken to limit the methods to the orders presented. One
or more of the method steps may be omitted or rear-
ranged. The various steps may be performed in different
orders. Various steps may be performed atthe same time
or substantially the same time. Herein, references to
events occurring substantially atthe same time may refer
to events at least partially overlapping in time and/or
events occurring at the same time within measurement
uncertainties.

[0079] Figure 9 illustrates a block diagram of one im-
plementation of a computing device 900 within which a
set of instructions, for causing the computing device to
perform any one or more of the methodologies discussed
herein, may be executed. In alternative implementations,
the computing device may be connected (e.g., net-
worked) to other machines in a Local Area Network
(LAN), an intranet, an extranet, or the Internet. The com-
puting device may operate in the capacity of a server or
a client machine in a client-server network environment,
or as a peer machine in a peer-to-peer (or distributed)
network environment. The computing device may be a
personal computer (PC), a tablet computer, a set-top box
(STB), a Personal Digital Assistant (PDA), a cellular tel-
ephone, a web appliance, a server, a network router,
switch or bridge, or any machine capable of executing a
set of instructions (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only
a single computing device is illustrated, the term "com-
puting device" shall also be taken to include any collec-
tion of machines (e.g., computers) that individually or
jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein. The computing device 900 may correspond to
any one or more of the controllers or control devices de-
scribed herein.
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[0080] The example computing device 900 includes a
processing device 902, a main memory 904 (e.g., read-
only memory (ROM), flash memory, dynamic random ac-
cess memory (DRAM) such as synchronous DRAM
(SDRAM) or Rambus DRAM (RDRAM), etc.), a static
memory 906 (e.g., flash memory, static random access
memory (SRAM), etc.), and a secondary memory (e.g.,
a data storage device 918), which communicate with
each other via a bus 930.

[0081] Processing device 902 represents one or more
general-purpose processors such as a microprocessor,
central processing unit, or the like. More particularly, the
processing device 902 may be a complex instruction set
computing (CISC) microprocessor, reduced instruction
set computing (RISC) microprocessor, very long instruc-
tion word (VLIW) microprocessor, processor implement-
ing other instruction sets, or processors implementing a
combination of instruction sets. Processing device 902
may also be one or more special-purpose processing
devices such as an application specific integrated circuit
(ASIC), afield programmable gate array (FPGA), a digital
signal processor (DSP), network processor, or the like.
Processing device 902 is configured to execute the
processing logic (instructions 922) for performing the op-
erations and steps discussed herein.

[0082] The computing device 900 may further include
a network interface device 908. The computing device
900 also may include a video display unit 910 (e.g., a
liquid crystal display (LCD) or a cathode ray tube (CRT)),
an alphanumeric input device 912 (e.g., a keyboard or
touchscreen), a cursor control device 914 (e.g., a mouse
or touchscreen), and an audio device 916 (e.g., a speak-
er).

[0083] The data storage device 918 may include one
or more machine-readable storage media (or more spe-
cifically one or more non-transitory computer-readable
storage media) 928 on which is stored one or more sets
of instructions 922 embodying any one or more of the
methodologies or functions described herein. The in-
structions 922 may also reside, completely or at least
partially, within the main memory 904 and/or within the
processing device 902 during execution thereof by the
computer system 900, the main memory 904 and the
processing device 902 also constituting computer-read-
able storage media.

[0084] The various methods described above may be
implemented by a computer program. The computer pro-
gram may include computer code arranged to instruct a
computer to perform the functions of one or more of the
various methods described above. The computer pro-
gram and/or the code for performing such methods may
be provided to an apparatus, such as a computer, on one
or more computer readable media or, more generally, a
computer program product. The computer readable me-
dia may be transitory or non-transitory. The one or more
computer readable media could be, for example, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, or a propagation medium for data
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transmission, for example for downloading the code over
the Internet. Alternatively, the one or more computer
readable media could take the form of one or more phys-
ical computer readable media such as semiconductor or
solid state memory, magnetic tape, a removable compu-
ter diskette, a random access memory (RAM), a read-
only memory (ROM), a rigid magnetic disc, and an optical
disk, such as a CD-ROM, CD-R/W or DVD.

[0085] In an implementation, the modules, compo-
nents and other features described herein can be imple-
mented as discrete components or integrated in the func-
tionality of hardware components such as ASICS, FP-
GAs, DSPs or similar devices.

[0086] A "hardware component" is a tangible (e.g.,
non-transitory) physical component (e.g., a set of one or
more processors) capable of performing certain opera-
tions and may be configured or arranged in a certain
physical manner. A hardware component may include
dedicated circuitry or logic thatis permanently configured
to perform certain operations. A hardware component
may be or include a special-purpose processor, such as
a field programmable gate array (FPGA) or an ASIC. A
hardware component may also include programmable
logic or circuitry that is temporarily configured by software
to perform certain operations.

[0087] Accordingly, the phrase "hardware component"
should be understood to encompass a tangible entity that
may be physically constructed, permanently configured
(e.g., hardwired), or temporarily configured (e.g., pro-
grammed) to operate in a certain manner or to perform
certain operations described herein.

[0088] In addition, the modules and components can
be implemented as firmware or functional circuitry within
hardware devices. Further, the modules and compo-
nents can be implemented in any combination of hard-
ware devices and software components, or only in soft-
ware (e.g., code stored or otherwise embodied in a ma-
chine-readable medium or in a transmission medium).
[0089] Unless specifically stated otherwise, as appar-
ent from the following discussion, it is appreciated that
throughout the description, discussions utilizing terms
such as " receiving", "determining", "comparing ", "ena-
bling", "maintaining," "identifying," "applying, " "transmit-
ting," "generating," or the like, refer to the actions and
processes of a computer system, or similar electronic
computing device, that manipulates and transforms data
represented as physical (electronic) quantities within the
computer system’s registers and memories into other da-
ta similarly represented as physical quantities within the
computer system memories or registers or other such
information storage, transmission or display devices.
[0090] The approaches described herein may be em-
bodied on a computer-readable medium, which may be
a non-transitory computer-readable medium. The com-
puter-readable medium may carry computer-readable in-
structions arranged for execution upon a processor so
as to cause the processor to carry out any or all of the
methods described herein.
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[0091] Theterm "computer-readable medium"as used
herein refers to any medium that stores data and/or in-
structions for causing a processor to operate in a specific
manner. Such storage medium may comprise non-vola-
tile media and/or volatile media. Non-volatile media may
include, for example, optical or magnetic disks. Volatile
media may include dynamic memory. Exemplary forms
of storage medium include, a floppy disk, a flexible disk,
a hard disk, a solid state drive, a magnetic tape, or any
other magnetic data storage medium, a CD-ROM, any
other optical data storage medium, any physical medium
with one or more patterns of holes, a RAM, a PROM, an
EPROM, a FLASH-EPROM, NVRAM, and any other
memory chip or cartridge.

[0092] Itisto be understood thatthe above description
is intended to be illustrative, and not restrictive. Many
other implementations will be apparent to those of skill
in the art upon reading and understanding the above de-
scription. Although the present disclosure has been de-
scribed with reference to specific example implementa-
tions, it will be recognized that the disclosure is not limited
to the implementations described, but can be practiced
with modification and alteration within the scope of the
appended claims. Accordingly, the specification and
drawings are to be regarded in aniillustrative sense rather
than a restrictive sense. The scope of the disclosure
should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents
to which such claims are entitled.

[0093] Aspects and features of the present disclosure
are set forth in the following numbered clauses:

1. A radiotherapy device comprising:

a source of kV or MV radiation;

a detector configured to detect the kV or MV
radiation to generate a plurality of images of a
subject located between the source and the de-
tector; and

a controller configured to:

detectan erroneous pixel in an image of the
plurality of images; and

generate an averaged image, comprising
generating each pixel of the averaged im-
age by taking an average of respective pix-
els in corresponding locations of one or
more ofthe plurality ofimages, wherein gen-
erating a pixel of the averaged image which
is in a corresponding

location to the erroneous pixel comprises ex-
cluding the erroneous pixel from the taking of
the average.

2. A radiotherapy device according to clause 1,
wherein generating the averaged image comprises
generating a pixel of the averaged image which is
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notin a corresponding location to the erroneous pixel
by taking an average of n pixels, n being an integer,
and generating the pixel in the averaged image
which is in the corresponding location to the errone-
ous pixel comprises taking an average of fewer than
n pixels.

3. A radiotherapy device according to clause 1 or
clause 2, wherein the averaged image is generated
based on pixels of the image other than the errone-
ous pixel.

4. Aradiotherapy device according to any preceding
clause, wherein the averaged image is generated
based on one or more pixels of the image adjacent
to the erroneous pixel.

5. Aradiotherapy device according to any preceding
clause, wherein the image comprises a row of erro-
neous pixels including the erroneous pixel.

6. A radiotherapy device according to clause 5,
wherein the controller is configured to detect the row
of erroneous pixels in the image of the plurality of
images.

7. A radiotherapy device according to clause 6,
wherein the controller is configured to detect the row
of erroneous pixels by summing pixel values of the
image along each of its rows to determine a plurality
of summed pixel values and identifying the row of
erroneous pixels as a row corresponding to a
summed pixel value that exceeds a threshold or that
exceeds an average of the plurality of summed pixel
values by a predetermined factor.

8. Aradiotherapy device according to any of clauses
5-7, wherein the controller is configured to exclude
each erroneous pixel of the row of erroneous pixels
from the generating of respective pixels of the aver-
aged image.

9. Aradiotherapy device according to any preceding
clause, wherein the controller being configured to
generate the averaged image comprises the control-
ler being configured to temporally average the plu-
rality of images to generate the averaged image,
wherein each pixel in the averaged image is gener-
ated by taking an average of respective pixels in cor-
responding locations of multiple of the plurality of
images.

10. A radiotherapy device according to any preced-
ing clause, wherein the controller being configured
to generate the averaged image comprises the con-
troller being configured to spatially average animage
of the plurality of images to generate the averaged
image, wherein each pixel in the averaged image is
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generated by taking an average of a respective sub-
grid of pixels in a corresponding location of the im-
age.

11. A radiotherapy device according to any preced-
ing clause, wherein the erroneous pixel corresponds
to an artefact caused by application of a radiotherapy
beam at the same time as reading out of data asso-
ciated with the erroneous pixel.

12. A radiotherapy device according to any preced-
ing clause, wherein the controller is configured to
detect the erroneous pixel and generate the aver-
aged image in real-time during a radiotherapy treat-
ment.

13. A computer-implemented method comprising:

obtaining a plurality of images of a subject lo-
cated between a source and a detector of a ra-
diotherapy device, the source being a source of
kV or MV radiation and the detector being for
detecting the kV or MV radiation;

detecting an erroneous pixel in an image of the
plurality of images; and

generating an averaged image, comprising gen-
erating each pixel of the averaged image by tak-
ing an average of respective pixels in corre-
sponding locations of one or more of the plurality
of images, wherein generating a pixel of the av-
eraged image which is in a corresponding loca-
tion to the erroneous pixel comprises excluding
the erroneous pixel from the taking of the aver-
age.

14. A computer-implemented method according to
clause 13, wherein generating the averaged image
comprises generating a pixel of the averaged image
which is not in a corresponding location to the erro-
neous pixel by taking an average of n pixels, n being
an integer, and generating the pixel in the averaged
image which is in the corresponding location to the
erroneous pixel comprises taking an average of few-
er than n pixels.

15. A computer-implemented method according to
clause 13 or clause 14, comprising generating the
averaged image based on pixels of the image other
than the erroneous pixel.

16. A computer-implemented method according to
any of clauses 13-15, comprising generating the av-
eraged image based on one or more pixels of the
image adjacent to the erroneous pixel.

17. A computer-implemented method according to
any of clauses 13-16, wherein the image comprises
a row of erroneous pixels including the erroneous
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pixel.

18. A computer-implemented method according to
clause 17, comprising detecting the row of erroneous
pixels in the image of the plurality of images.

19. A computer-implemented method according to
clause 18, comprising detecting the row of erroneous
pixels by summing pixel values of the image along
each of its rows to determine a plurality of summed
pixel values and identifying the row of erroneous pix-
els as a row corresponding to a summed pixel value
that exceeds athreshold or that exceeds an average
of the plurality of summed pixel values by a prede-
termined factor.

20. A computer-implemented method according to
any of clauses 17-19, comprising excluding each er-
roneous pixel of the row of erroneous pixels from the
generating of respective pixels of the averaged im-
age.

21. A computer-implemented method according to
any of clauses 13-20, wherein the generating of the
averaged image comprises temporally averaging the
plurality of images to generate the averaged image,
wherein each pixel in the averaged image is gener-
ated by taking an average of respective pixels in cor-
responding locations of multiple of the plurality of
images.

22. A computer-implemented method according to
any of clauses 13-21, wherein the generating of the
averaged image comprises spatially averaging an
image of the plurality of images to generate the av-
eraged image, wherein each pixel in the averaged
image is generated by taking an average of a re-
spective sub-grid of pixels in a corresponding loca-
tion of the image.

23. A computer-implemented method according to
any of clauses 13-22, wherein the erroneous pixel
corresponds to an artefact caused by application of
a radiotherapy beam at the same time as reading
out of data associated with the erroneous pixel.

24. A computer-implemented method according to
any of clauses 13-23, performed in real-time during
a radiotherapy treatment.

25. A computer-readable medium comprising com-
puter-executable instructions which, when executed
by a processor, cause the processor to perform the
method of any of clauses 13-24.
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Claims

1.

A radiotherapy device comprising:

a source of kV or MV radiation;

a detector configured to detect the kV or MV
radiation to generate a plurality of images of a
subject located between the source and the de-
tector; and

a controller configured to:

detect an erroneous pixel in an image of the
plurality of images; and

generate an averaged image, comprising
generating each pixel of the averaged im-
age by taking an average of respective pix-
els in corresponding locations of one or
more of the plurality ofimages, wherein gen-
erating a pixel of the averaged image which
is in a corresponding location to the errone-
ous pixel comprises excluding the errone-
ous pixel from the taking of the average.

A radiotherapy device according to claim 1, wherein
generating the averaged image comprises generat-
ing a pixel of the averaged image which is not in a
corresponding location to the erroneous pixel by tak-
ing an average of n pixels, n being an integer, and
generating the pixel in the averaged image which is
in the corresponding location to the erroneous pixel
comprises taking an average of fewer than n pixels.

A radiotherapy device according to claim 1 or claim
2, wherein the averaged image is generated based
on pixels of the image other than the erroneous pixel
or wherein the averaged image is generated based
on one or more pixels of the image adjacent to the
erroneous pixel.

A radiotherapy device according to any preceding
claim, wherein the image comprises a row of erro-
neous pixels including the erroneous pixel, and
wherein the controller is configured to detect the row
of erroneous pixels in the image of the plurality of
images.

A radiotherapy device according to claim 4, wherein
the controller is configured to detect the row of erro-
neous pixels by summing pixel values of the image
along each of its rows to determine a plurality of
summed pixel values and identifying the row of er-
roneous pixels as a row corresponding to a summed
pixel value that exceeds a threshold or that exceeds
an average of the plurality of summed pixel values
by a predetermined factor, and to exclude each er-
roneous pixel of the row of erroneous pixels from the
generating of respective pixels of the averaged im-
age.



6.

10.

29

A radiotherapy device according to any preceding
claim, wherein the controller being configured to gen-
erate the averaged image comprises:

the controller being configured to temporally av-
erage the plurality of images to generate the av-
eraged image, wherein each pixel in the aver-
aged image is generated by taking an average
of respective pixels in corresponding locations
of multiple of the plurality of images; or

the controller being configured to spatially aver-
age an image of the plurality of images to gen-
erate the averaged image, wherein each pixel
in the averaged image is generated by taking an
average of a respective sub-grid of pixels in a
corresponding location of the image.

A radiotherapy device according to any preceding
claim, wherein the erroneous pixel corresponds to
an artefact caused by application of a radiotherapy
beam at the same time as reading out of data asso-
ciated with the erroneous pixel, or wherein the con-
troller is configured to detect the erroneous pixel and
generate the averaged image in real-time during a
radiotherapy treatment.

A computer-implemented method comprising:

obtaining a plurality of images of a subject lo-
cated between a source and a detector of a ra-
diotherapy device, the source being a source of
kV or MV radiation and the detector being for
detecting the kV or MV radiation;

detecting an erroneous pixel in an image of the
plurality of images; and

generating an averaged image, comprising gen-
erating each pixel of the averaged image by tak-
ing an average of respective pixels in corre-
sponding locations of one or more of the plurality
of images, wherein generating a pixel of the av-
eraged image which is in a corresponding loca-
tion to the erroneous pixel comprises excluding
the erroneous pixel from the taking of the aver-
age.

A computer-implemented method according to claim
8, wherein generating the averaged image compris-
es generating a pixel of the averaged image which
is not in a corresponding location to the erroneous
pixel by taking an average of n pixels, n being an
integer, and generating the pixel in the averaged im-
age which is in the corresponding location to the er-
roneous pixel comprises taking an average of fewer
than n pixels.

A computer-implemented method according to claim
8 or claim 9, comprising generating the averaged
image based on pixels of the image other than the
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1.

12.

13.

14.

15.

30

erroneous pixel or comprising generating the aver-
agedimage based on one or more pixels of theimage
adjacent to the erroneous pixel.

A computer-implemented method according to any
of claims 8-10, wherein the image comprises a row
of erroneous pixels including the erroneous pixel,
and wherein the method comprises detecting the row
of erroneous pixels in the image of the plurality of
images.

A computer-implemented method according to claim
11, comprising detecting the row of erroneous pixels
by summing pixel values of the image along each of
its rows to determine a plurality of summed pixel val-
ues and identifying the row of erroneous pixels as a
row corresponding to a summed pixel value that ex-
ceeds a threshold or that exceeds an average of the
plurality of summed pixel values by a predetermined
factor, and further comprising excluding each erro-
neous pixel of the row of erroneous pixels from the
generating of respective pixels of the averaged im-
age.

A computer-implemented method according to any
of claims 8-12, wherein the generating of the aver-
aged image comprises:

temporally averaging the plurality of images to
generate the averaged image, wherein each pix-
elin the averaged image is generated by taking
an average of respective pixels in corresponding
locations of multiple of the plurality of images; or
spatially averaging an image of the plurality of
images to generate the averaged image, where-
in each pixel in the averaged image is generated
by taking an average of a respective sub-grid of
pixels in a corresponding location of the image.

A computer-implemented method according to any
of claims 8-13, wherein the erroneous pixel corre-
sponds to an artefact caused by application of a ra-
diotherapy beam at the same time as reading out of
data associated with the erroneous pixel, or wherein
the method is performed in real-time during a radio-
therapy treatment.

A computer-readable medium comprising computer-
executable instructions which, when executed by a
processor, cause the processor to perform the meth-
od of any of claims 8-14.
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